Objective: The objective of this study is to assess the clinical effect and safety of ultrasound-guided percutaneous microwave ablation (US-PMWA) assisted by three-dimensional (3D) visualization operative treatment planning system in larger adrenal metastasis (LAM) (D ≥4 cm).
INTRODUCTION
Adrenal metastasis (AM) is a common malignancy found in adrenal glands, particularly from lung cancer (LC), renal cell carcinoma (RCC), colorectal cancer (CRC), and hepatocellular carcinoma (HCC). [1] Autopsy reviews showed that up to 27% of patients were happened to be detected with AM from unknown malignancy. [2, 3] AM is incidentally discovered increasingly for the decreasing mortality rates in cancer patients and the improved sensitivity of imaging techniques. [3] [4] [5] Usually, AM is treated with chemotherapy or radiotherapy according to the primary tumor pathological diagnosis. Although several investigators have emphasized the utility of open surgical and laparoscopic adrenalectomy to improve the survival in selected patients with Access this article online Website: www.cancerjournal.net DOI: 10 .4103/jcrt.JCRT_39_19
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Percutaneous image-guided thermal ablation therapy, such as microwave ablation (MWA), radiofrequency ablation (RFA), and laser ablation, has been shown to be an effective technique and yield promising local tumor control in small and selected adrenal tumors. [9] [10] [11] [12] [13] [14] [15] In our team preliminary study, ultrasound-guided percutaneous MWA (US-PMWA) was verified as an effective method in terms of good local control of adrenal tumors with a diameter of ≤ 5 cm, and with an capable of treating biochemically active tumors harboring clinical syndromes. [16] While larger AM (D ≥ 4 cm) (LAM) with boundary irregular were closely adjacent to surrounding important organs, such as intestinal tract, inferior vena cava, liver, and kidney. Multiple antennas, insertions, and ablation points were required, which is difficult to implement only depending on two-dimensional (2D) imaging. A precise ablation of LAM strongly depends on a well-planned treatment strategy preoperation. Conventionally, the preoperative planning for thermal ablation is usually performed based on US, computed tomography (CT), and MRI. The 3D spatial structure was reconstructed in radiologist own perception, which completely based on their subjectively spatial awareness and experience. [17] The radiologist's evaluation is not completely consistent with the actual situation and may result in incomplete ablation and/or major complications. 3D visualization preoperative planning could display tumor stereoscopically and the precise location of the tumor and relationship of tumor with surrounding tissues, predict time-temperature profile during ablation, improve the safety of ablation, reduce complications, and promote local tumor control. [18] [19] [20] In our preliminary study, 3D-visualization operative treatment planning system was used in US-PMWA for larger hepatic hilar HCC and RCC, which promoted precise ablation, decreased complication rate, ensured the tumor-free safety margins, and improved the long-term survival outcomes. [17, [21] [22] Hence, this novel technique may provide more information and valuable assistance for treatment for LAM.
Hence, we performed this preliminary study to retrospectively analyze the clinical outcomes of LAM treated by combination therapy of US-PMWA and 3D visualization preoperative treatment planning.
MATERIALS AND METHODS

Patients and tumors
From December 2011 to December 2017, 12 consecutive patients with pathologically proven with LAM with a mean diameter of 5.2 ± 1.3 cm (ranged, 4.1-7.6) were treated by US-PMWA assisted by 3D visualization preoperative treatment planning system in our department. The clinical indexes of patients and tumors are listed in Table 1 . There were 2 female and 10 male patients with an average age 57.0 ± 10.7 years (ranged 34-70). All AM located in the right adrenal glands. Seven (7/12, 58.3%) tumors were adjacent to the intestinal tract, 6 (6/12, 50.0%) adjacent to the inferior vena cava and 4 (4/12, 33.3%) adjacent to both. The primary tumor were LC (4 cases), HCC (6 cases), RCC (1 case), and CRC (1 case). All LAM patients were closely followed up until December 2017. The retrospective study was approved by the Ethics Committee of the Chinese PLA General Hospital. Written informed consent for the procedures was obtained from each enrolled patient prior to performance.
Preablation examination
Patients with LAM met the following criteria were enrolled: (1) aged ranged from 18 to 85 years; (2) Eastern Cooperative Oncology Group performance status was,<2; (3) nonresectable tumors or patient refusal to undergo surgery; (4) preoperative blood pressure was controlled at the normal level (systolic pressure <140 mmHg, diastolic pressure <90 mmHg) with medicine; (5) without tumor thrombosis; (6) prothrombin time <25 s; prothrombin activity >40%; platelet count >60 cells × 10 9 /L; (7) diagnosed with by histopathology. The exclusion criteria for the study were as follows: (1) patients with severe cardiopulmonary diseases who could not tolerate . The diagnosis was further confirmed through US-guided biopsy before the ablation procedure. Routine laboratory tests were evaluated as normal. If patients exhibited marked abnormal elevation in blood pressure, the ablation was performed in a surgical operating room with carefully anesthesia supervision throughout.
Three-dimensional visualization preoperative treatment planning
Contrast-enhanced CT scanning was performed with the arterial, venous, and later phases within 7 days prior to ablation. Our group original developed 3D visualization preoperative planning platform can reconstruct the anatomy structure of tumor and the relationship with the surrounding organs, plan ablation strategy, such as tumor segmentation, access path planning, simulation of ablation field. [17, [21] [22] [23] The imaging data were imported into the EFILM software and were analyzed using the 3D visualization planning system. 3D visualization of patient-specific anatomical information, including tumors and surrounding vital structures, was reconstructed stereoscopically. As shown in Figure 3 , radiologists can perform various operations on the 3D visualization platform, such as visualizing, hiding, moving, rotating, and measuring. Based on the results of 3D visualization analysis, multiple antennas inserted positions, ablation points, and puncture pathway were determined until the optimal preoperative plan was achieved [ Figure 4 ].
The preoperative planning abided by the following principles: (1) simulation the ablation zone should cover the entire tumor; (2) minimizing the number of antennas, insertions times, and ablation points; (3) avoiding through critical structures along the insertion pathways and damage to any vital structures.
Ultrasound-guided percutaneous microwave ablation
A microwave system (KY-2000, Kangyou Medical, Nanjing, China) comprising a microwave (MW) generator, a flexible coaxial cable, and a cooled-shaft antenna. The generator can drive two antennas simultaneously with the capability of producing 1-100 W of power at 2450 MHz. The 15G cooled-shaft antenna is coated with Teflon to prevent adhesion with dual channels inside the antenna shaft, through which distilled water circulated continuously by a peristaltic pump could cool the shaft to prevent overheating. The 21G thermocouple needles were equipped on the MWA system which is easily seen by US. The tip of thermosensor was made of the iron constant which is both accurate and sensitive to temperature, while not influenced by the electromagnetic field of MW.
US-guided biopsy (18G, Bard, Japan) was performed immediately before the ablation procedure. If the lesion was verified as benign, it was excluded from the analysis in the follow-up period. For right AM, according to the preoperative imaging and 3D visualization planning, a transhepatic approach was adopted to access the target tumor with the patient lying in the left decubitus position.
After local anesthesia with 1% lidocaine, MW antennas were percutaneously inserted into the tumor according to the planning. Based on our previous experience, two antennas were applied with an inter-antenna distance <1.8 cm for LAM, which were activated simultaneously to obtain confluent ablation zone. [24] After IV anesthesia administered by a combination of propofol and ketamine through peripheral vein, then MW were emitted at a power output of 20 W and lasted for 1 min firstly. Blood pressure was closely monitored during the ablation procedure. If the systolic pressure was not more than170 mmHg during treatment, MW emission continued with output power increasing 5 W and interval of 1 min until reached the purposed power (50 W). If the systolic pressure exceeded 170 mmHg, MW emission should be suspended and anti-hypertensive drug (labetalol hydrochloride) be used. Then, MW emission could be resumed until the systolic pressure decreased to the baseline level. After ablation, the MW antenna needle path was routinely cauterized to avoid tumor seeding and bleeding.
Artificial ascites and thermal monitoring during the procedure
Following the local anesthesia, a 16G IV catheter (BD Angiocath; Sandy, UT, USA) was inserted into the peritoneal cavity between tumor and intestinal tract or the inferior vena cava, liver, and kidney under US guidance. We considered the induction of artificial ascites successful and drip infusion with 0.9% normal saline was continued during ablation to isolate the target lesion and the adjacent critical structures with a separation of 0.5 cm. The drip infusion was continued while performing PMWA. No special management was performed for artificial ascites after the operation due to the strong absorption ability of the greater omentum within the abdominal cavity. The 0.9% saline solution (1000-2000 ml) could be absorbed completely within 24 hours after the operation.
One or two thermocouple needles were percutaneously placed at the site of 5-10 mm away from the tumor margin to monitor the temperature continuously and not moved around. Complete ablation was considered when the entire tumor was enveloped by hyperechoic microbubbles and the temperature at the tumor periphery reached 54°C for at least 3 min, or else MW emission prolonged.
Imaging follow-up postablation
After PWMA treatment, patients were closely monitored for possible complications such as skin burn, bowel perforation, intraperitoneal bleeding, pleural effusion, pain, and fever. CEUS and CT examination was performed within 3 days after MWA to assess the treatment effect. If a residual tumor was detected, an additional ablation session was performed under CEUS guidance, or else patients entered the follow-up period. Technical success was defined as the tumor been treated according to planning, and the entire tumor was covered by ablation zone. The follow-up period was beginning from the ablation procedure. Contrast-enhanced CT and CEUS at 1 month and every 3 months intervals thereafter until December 2017. Complications were reported using the standardized Society of Interventional Radiology grading system. [25] 
Statistical analysis
The data were analyzed using the SPSS 19.0 version for windows (SPSS Inc, Chicago, IL, USA). The data of patients and tumors are expressed as a mean ± standard deviation or median. Qualitative data are presented as a percentage. Technique effectiveness was defined as "complete ablation" on contrast-enhanced imaging at 1 month after ablation. Insertion number was defined as the total number of antenna placements for each tumor until the tumor was completely ablated. P < 0.05 was considered to indicate a difference with statistical significance.
RESULTS
The characters of LAM patients and tumors and ablation data are listed in Table 1 . In all LAM, 3D visualization preoperative treatment planning was achieved successfully. Complete ablation was defined as no enhancement of the treated region which covered the entire tumor on CEUS and CT images 3 days after treatment. Complete ablation was attained in every LAM after scheduled ablation session according to the 3D visualization planning (mean insertion number, 5.2 ± 1.0, ranged, 4-6). Among the 12 LAM, complete ablation was achieved in 10 (10/12, 83.3%) by one session and 2 (2/12, 16.7%) needed two sessions. One tumor was with the maximum diameter 6.8 cm and adjacent to the intestinal tract and inferior caval vein, and one with the maximum diameter 7.4 cm adjacent to the intestinal tract. The mean number of sessions for the ablation of one tumor was 1.0±0.4 sessions. The mean time required for the ablation of one tumor in one session was 2040.0±638.4s (ranged from 1240 to 3510s). Artificial ascites was used in 10 (10/12, 83.3%) patients with tumor adjacent to the intestinal tract, and thermal monitoring system was used in all tumors (100%). Three (3/12, 25.0%) patients developed hypertension during the PMWA and controlled by medicine. No severe complications related to ablation occurred except for fever (5 patients, 41.7%), abdominal pain (7 patients, 58.3%), and hemoglobinuria (3 patients, 25.0%). All of the side effects were disappear with conservative treatment in 24-72 h. No severe complications related to ablation occurred, except in 3 patients who developed hypertension during ablation.
The median follow-up period was 31 months (ranged 6-52 m) There was recurrence at the treated site in three patients (3/12, 25 .0%) at 5, 9, 13, and months after ablation, with two metastasis tumors from LC and one from HCC. The patients received another inpatient ablation and achieved complete ablation [ Figures 5 and 6] . Therefore, the 1-, 2-, and 3-year local tumor control rates were 83.3%, 75.0%, and 75.0%, respectively. Nine (9/12, 75.0%) patients had tumor progression at extra-adrenal sites. The primary tumor was LC (4 patients), HCC (3 patients), RCC (1 patient), and CRC (1 patient). Seven (7/12, 58.3%) patients died during the follow-up period (3 patients with LC, 3 patients with HCC, and 1 patient with CRC). 1-, 2-, 3-, and 4-year overall survival rates were 91.7%, 75.0%, 50.0%, and 41.7%, respectively.
DISCUSSION
Percutaneous image-guided thermal ablation has been shown to be an effective technique and yield promising local tumor control in solid tumors, especially for RFA and MWA. For larger tumors, MWA uses electromagnetic energy to rotate adjacent polar water molecules rapidly, which shows several theoretical advantages over RFA in higher intratumoral temperature, larger ablation volume, faster ablation, less dependency on the electrical conductivities of tissue and less limited in energy delivery by the exponential rising electrical impedances of tumor tissue. [26] [27] [28] In our previous study, the results demonstrate that MWA is an effective and promising approach for the treatment of large-sized tumors (D >5 cm) HCC. [29, 30] Hence, in the study, MWA treated LAM may show better tumor local control and prognosis.
For LAM, the actual situation of tumor and the relationship with surrounding organs could not be illustrated clearly on 2D imaging and need reconstructing in the operators' perception, which is dependent on their spatial awareness and experience subjectively. Meanwhile, the thermal field of multi-antenna and multi-point ablation, which is difficult to predict on 2D imaging for larger tumors. Last but most important, the distance between tumor and surrounding organs (intestinal tract, inferior caval vein, kidney, and liver) is <5 mm, even adjacent closely, which increase the importance of thermal field calculation. Above reasons may lead to incomplete ablation and/or major complications, and further influence the therapy efficiency. Therefore, how to reconstruct the actual relationship between tumor and surrounding organs, calculate the thermal field of multi-antenna and multi-point ablation, minimize antenna insertions number, and plan puncture pathway objectively are key points for successful and safe ablation.
3D visualization preoperative treatment planning system has been used in surgery for many years, but seldom in percutaneous image-guided thermal ablation. [20] Image-guided thermal ablation therapy requires the quantitative calculation of the tumor volume and the distance between the tumor and surrounding vital structures, accurate simulation of spacial thermal field, and planning of puncture pathways. In 2012, an original 3D-visualization operative treatment planning system used for US-PMWA was applied in HCC, which promoted the rate of complete ablation by one session and long term efficacy significantly. [17] In 2016 and 2017, our team also study the clinical efficiency of combination therapy of 3D visualization operative treatment planning system and US-PMWA in the management of larger hepatic hilar HCC and RCC, which achieved promising prognosis. [22] [23] The results further very In this pilot study, 3D visualization preoperative treatment planning was achieved and US-PMWA was performed according to the scheduled panning for all tumors successfully. Among 12 tumors, one-time ablation rate was 83.3%, which could be comparable with that of the image-guided ablation for small AM (80% vs. 84.6%). [11] [12] For two tumors with maximum diameter were 6.8 cm and 7.4 cm, which treated by two sessions. The second ablation was performed by CEUS-guidance and achieved complete ablation. Hence, the size of tumor is still the major influence factor for adrenal lesion ablation. Artificial ascites was used in 10 (10/12, 83.3%) patients with tumor adjacent to the intestinal tract and real-time thermal monitoring system was used in all tumors (100%), which were safe and effective auxiliary methods for ablation and can achieve good local control. [31, 32] No severe complications related to ablation occurred due to the precisely 3D visualization planning and effective auxiliary techniques.
Hypertensive crisis was occurred in 3 (25.0%) patients during PMWA, which was life-threatening. Whereas the hypertensive crisis may also occur in treating liver cancers adjacent to the adrenal gland and AM lesions. [32] [33] [34] Maybe the thermal transmission affected the normal adrenal tissue and stimulated the releasing of catecholamine. To prevent excessive catecholamine release, MW emission could increase from low power (20 W) to high power (50 W) intermittently accordingly to our past experience. [11] Moreover, MW emission was suspended when the systolic pressure exceeded 170 mmHg, and anti-hypertensive drugs were applied. No hypertensive crisis was occurred in this study by taking preventive measures.
During the follow-up period, the results showed that patients with LC were inclined to recurrence, metastasis and poorer prognosis. As there were 2 LC patient recurrence (50.0%), 3 extra-metastasis (75.0%), and 3 died (75.0%). For the long-term prognosis of the patients with LAM, the pathological type of primary tumor maybe an important influence factor.
There are some limitations of the study. First, the sample is smaller, and the follow-up period is short, more patients needed to enlarge the sample, and long-term follow-up is mandatory. Second, the operation of US-PMWA, artificial ascites, and real-time thermal monitoring system could be difficult in practice. Solid knowledge of anatomy and rich experience were needed for green hands. Third, the pathological type is an important influence factor for long-time outcomes; the prognosis should be analyzed according to the types of primary tumors. Finally, all of the LAM was located in the right side adrenal gland, and transhepatic approach through the liver was chosen, which was relatively safe. More experience of US-PMWA in the left AM lesion was needed in future.
CONCLUSIONS
In summary, the 3D visualization preoperative treatment planning system could show the spatial stereoscopical constructure of tumor and surrounding organs, promote ablation precision, decrease ablation points, and shorten ablation time. From these preliminary results, ancillary technique such as intraoperative artificial ascites and real-time temperature measuring system further improve the safety of ablation. Combination therapy is a safe and efficient alternative for the patients with LAM, which expand the indications of US-PMWA, and improved the local tumor control rate and long-term outcomes in AM. 
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